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ABSTRACT.  As a result of rapid socioeconomic development and climate change, the land cover has been changing in the 
mountainous areas in southwestern China while the associated ecological environment has been seriously disturbed. This study is to 
quantify the land cover change in Liangshan-Xiangling Region in Sichuan Province in China from the 1970s to present and to compare 
the land cover change rates among different land cover types. Two groups of remote sensing data, including MSS data in 1974-1980 
and MODIS data in 2002-2007, were utilized to investigate the land cover changes during different time periods in the study area. The 
NDVI differencing and unsupervised classification compassion methods were used to detect the land cover quality and quantity 
changes. The results showed that the vegetation cover in the study area decreased significantly in the 1970s, but increased in recent 
years due to the establishment of nature reserves and enhancement of environment protection. 
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1. Introduction 

Land cover change detection is the process of identifying 
differences in land cover at different time periods, and it could 
provide relevant decision makers with sound information for 
developing effective strategy to improve the natural environ- 
ment (DeFries et al., 1997). Before the 1970s, most of the stu- 
dies on change detection were based on manual collection of 
data which was associated with low efficiency, long period and 
huge amount of work. The manually collected data in each stu- 
dy is usually hard to be used for other further studies, and it is 
thus extremely difficult to use this method to detect land co- 
ver changes in large-scale problems (Liu, 2001). Recently, the 
earth-orbiting satellites have provided much convenient means 
for obtaining digital remote-sensed data in many application 
areas. Due to the advantages of quick processing and accuracy, 
remote sensing has become a very easy means to evaluate the 
extent of land cover change and the associated impacts on aqua- 
tic and terrestrial environments (Jones et al., 2001; Mas, 1999; 
Stefanov and Netzband, 2005).  

As compared with other remote sensing, Landsat Multis- 
pectral Scanner (MSS) sensor provides the longest and conti- 
nuous remotely sensed satellite historic record. The MSS data 
could span a time period from 1972 to present (Nelson et al., 
2002). Several research studies have been conducted using 
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MSS data for land cover change detection. For example, Jen- 
sen (1981) developed a suite of image processing techniques 
for change detection, including image differencing, change- 
vector analysis and comparison of derived classes for multiple 
dates. They later applied the image differencing technique to 
use MSS data for identifying urban expansion with an accura- 
cy of 81% (Jensen and Toll, 1982). Munyati (2000) used high- 
temporal-resolution MSS imagery to monitor changes in wet- 
land vegetation. Nelson et al. (2002) used MSS data to quanti- 
fy the land cover change in a wetland in Louisiana and examined 
the land cover change rates among various land cover types 
within a long time span (1972 ~ 1992). In recent years, seve- 
ral new satellite sensors have been launched for geological ex- 
ploration, and another new generation of advanced optical sen- 
sor, Moderate Resolution Imaging Spectroradiometer (MODIS), 
has been widely used in change detection. The MODIS is on- 
board the Terra and Aqua satellite platform and is capable of 
providing additional shortwave infrared bands that are sensitive 
to vegetation index. In comparison with NOVA/AVHRR, the 
higher resolution (i.e. 250 m) and narrower spectral bandwid- 
ths of MODIS had made it more useful in vegetation and land 
cover studies (Malingreau, 1989). The MODIS sensor has 36 
spectral bands, seven of which are designed for the study of 
vegetation and land surfaces, including blue (459 ~ 479 nm), 
green (545 ~ 565 nm), red (620 ~ 670 nm), near infrared (NIR1: 
841 ~ 875 nm; NIR2: 1230 ~ 1250 nm), and shortwave infrared 
(SWIR1: 1628 ~ 1652 nm, SWIR2: 2105 ~ 2155 nm). MODIS 
provides an improved source of global information for the stu- 
dy of land surfaces with varying spatial resolutions of 250 m to 
1 km depending on the bandwidth. The data from two MODIS 
bands (red and near infrared) are usually used to investigate 
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many land cover changes caused by human activities which oc- 
cur at spatial scales near 250 m (Townshend and Justice, 1988). 

Under the influences of rapid socioeconomic development 
and climate change, the land cover in the mountainous areas 
in southwestern China has been greatly changing, and the eco- 
logical environment has also been seriously disturbed. Such 
changes would not only affect the structure of the fragile eco- 
logical environment, but also adversely decrease the area of 
habitats for endangered species and bring serious negative im- 
pacts to the distribution and survival of endangered flora and 
fauna species. In order to make informed decisions of ecologi- 
cal and environmental protection, it is of great importance to 
quantify the land cover changes within such areas. In this stu- 
dy, a case study in Liangshan-Xiangling region in southwestern 
China will be conducted to examine the land cover changes 
from the 1970s to present using the remote sensing data from 
MSS and MODIS. The results would provide sound basis for 
the region to implement effective strategies for ecological en- 
vironmental protection and socioeconomic development. 

2. Study Area and Research Data 

Located in the southern part of Sichuan province of China, 
Liangshan-Xiangling region is in the upper reaches of the Yang- 
tze River and the middle section of the Hengduan Mountains 
(102°2′ E ~ 104°9′ E, 28°3′ N ~ 29°2′ N) (Figure 1). The re- 

gion spans hundreds of kilometers from its north to south with 
most parts having elevations of above 3000 meters. There are 
five nature reserves in this area with most of which being 
established after 2000, including Maanshan nature reserve, 
Shenguozhuang nature reserve, Meigu Dafengding national 
nature reserve, Mabian Dafengding national nature reserve and 

Mamize nature reserve. The study area is associated with ex- 
cellent natural conditions where vast types of rare plants are 
found, including many original ancient relict plants (i.e. the 
dawn red-wood, spruce, and Davidia involucrate). A wide 
range of animals are also found in this region, such as the 
first-grade state-protected animals of giant panda, takin, 
south-China tiger, and white lip deer, as well as the second- 
grade state-protected animals of red panda (Liu, 2005, 2006; 
MDNNRA, 2000). The land cover in the study region has 
been significantly changing during the past years. Thus the 
understanding and examination of such changes are extremely 
important for the effective protection of these rare species of 
plants and animals and their living environments, and also for 
the long-term benefits of our future generations. 

The land cover changes in the study area are evaluated by 
analyzing the remote sensing data. The MSS data in Novem- 
ber 1975 and April 1980 were provided by Chinese Academy 
of Surveying and Mapping. The MODIS data in April 2002 and 
April 2007 were the 16-day composite data (i.e. MOD13Q1) 
and were downloaded from NASA website (LP DAAC, 2007). 

 
 

Figure 1. Overview of the study area. 
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According to the characteristics of soil types and vegetation 
cover conditions of the study area, ten land cover types were 
included (Jin, 2005; MDNNRA,2000), namely (a) conifer fo- 
rest (CF), (b)mixed deciduous broadleaf forest and conifer 
forest (DCF), (c) mixed evergreen broadleaf forest and deci- 
duous broadleaf forest (EDF), (d) evergreen broadleaf forest 
(EBF), (e) secondary forest (SF), (f) bamboo (BAM), (g) shrub- 
grass land (SGF), (h) alpine meadow and scree (AMS), (i) 
water area (WA), and (j) bare-rock land (BRL). By consider- 
ing the resolution and differencing ability of the MSS and 
MODIS data used in this study, the land cover types were fur- 
ther divided into three categories, including (a) bare-rock land 
(BRL), (b) S-A land (SGF, AMS, WA), and (c) forest (CF, DCF, 
EDF, EBF, SF, BAM). 

3. Land Cover Change Detection Methods 

The basic idea of using remote sensing data for change 

detection is that the land cover change could result in varia- 
tion of the radiance values, and the image data of a given area 
at different time interval could then be compared to identify 
the changed pixels (Knight et al., 2006). A variety of methods 
for land cover change detection have been used during the past 
years, such as the comparison of land cover classifications, im- 
age differencing/rationing, vegetation index differencing, prin- 
ciple components analysis, and change vector analysis. Due to 
the medium scale and high resolution of the digital satellite da- 
ta obtained for the study area, two change detection methods 
were used and compared in this study, including the normali- 
zed difference vegetation index and unsupervised classifica- 
tion approaches.  

The status of vegetation growth can be described by ve- 
getation index (VI). VI can effectively measure the activity of 
land surface vegetation and enhance the interpretation of remo- 
te sensing images. It has been used for land cover change de- 
tection, vegetation coverage density assessment and other ap- 

 
Figure 2. NDVI images using MSS data in Liangshan-Xiangling region (left: 1974, right: 1980). 

 

 
Figure 3. NDVI images using MODIS data in Liangshan-Xiangling region (left: 2002, right: 2007). 
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plications (Singh, 1989). Many studies have shown that the re- 
flection energy of the red and near-infrared bands was closely 
related to the amount of surface vegetation cover. For example, 
the chlorophyll of plants absorbs light energy, and this would 
result in the decreased reflection energy of red band with plant 
growth. On the other hand, the healthy plants hardly absorb 
near-infrared radiation, leading to the increased reflection en- 
ergy of this band with the plant growth. As a result, based on 
the characteristics of typical spectral reflection of plant leaves, 
the empirical vegetation index was introduced. Since the ener- 
gy absorptions in the blue band (470 nm) and red band (670 
nm) are most sensitive, the reflection energy of visible light is 
extremely low due to the reflection of near-infrared radiation. 
The difference between red and near-infrared radiation is sen- 
sitive to the amount of vegetation, while the areas with no or 
little vegetation have smaller difference and areas with highly 
covered vegetation have bigger difference.  

Vegetation index can be divided into three categories. The 
first category includes the indices which are defined by the li- 
near combinations or ratios of the radiations of original bands 
without considering the impacts of other factors such as the at- 
mosphere, the soil lightness and color. This category of indices 
include ratio vegetation index (RVI) which was specifically de- 
signed for Landsat MSS, and have not been widely applied. 
The second category is based on more physical knowledge 
and considers electromagnetic radiation, atmosphere, vegeta- 
tion cover, soil background and interactions among these fac- 
tors. Such category of indices include perpendicular vegeta- 
tion index (PVI), soil adjustment vegetation index (SAVI), an- 
gel vegetation index (AVI), and normalized difference vegeta- 
tion index (NDVI). The third category is developed for hyper- 
spectral remote sensing and thermal infrared remote sensing. 
In this study, NDVI was used for change detection, and it is 
defined as follows (Justice et al., 1998): 

 
( ) /( )nir red nir redNDVI X X X X                         (1) 

 
where X represents the reflection of radiation received by the 

satellite, and the subscript “nir” represents near-infrared band, 
while “red” represents red band.  

The unsupervised classification approach is also used for 
change detection (Singh, 1989). This method only uses statis- 
tical measures to classify different remote sensing data, and 
does not need prior knowledge about the research area. The 
most commonly used algorithms for unsupervised classifica- 
tion include ISODATA and T-mean, and the ISODATA was 
chosen for classification in this study. 

4. Results and Discussions 

The change rate of land cover type is used to examine the 
changes of ecological environment from the 1970s to present 
in this study. The MSS remote sensing data from 1975 to 1980 
were used to analyze the change rate in 1970s, and the MODIS 
data from 2002 to 2007 were examined to characterize the 
change rate in recent years.  

 

4.1. NDVI Differencing 

The NDVI images of land cover types in the study area in 
1974 and 1980 are shown in Figures 2 and 3, respectively. Ac- 
cording to Equation (1), the areas with darker color represent 
land cover types that have larger difference between absorp- 
tion of red-band radiation and near-infrared band radiation. 
Thus these areas are associated with higher NDVI values and 
should be the forests regions. On the contrary, the areas with 
lighter color represent land cover types with smaller difference 
between the absorption of red-band and near-infrared band ra- 
diations, and these areas have much lower NDVI values and 
represent the bare rock land. The areas with color between the 
above two groups should be the S-A land.  

Figure 4 presents the results of NDVI differencing using 
MSS data. It can be obviously found that the land cover in the 
study area greatly changed in the 1970s. The main changes 
are the vegetation increase in the northwest and decrease in 
the middle and southeast. The vegetation increase in the north- 

 
Figure 4. NDVI differencing using MSS data (left: 1974-1980, right: 2002-2007). 
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west is due to the transition from S-A land to forest and from 
bare rock land to forest, while the vegetation decrease in the 
middle of the study area is due to the transition from forest to 
bare rock land and S-A land. The vegetation decrease in the to 
southeast is due to the transition from huge amount of forest 
bare rock land and S-A land, as well as from S-A land to bare 
rock land. In summary, the land cover changing trend in the 
1970s is not optimistic.  

By examining the NDVI differencing result in 2002-2007 
(Figure 4), it is observed that the NDVI in the study area great- 
ly changed in recent years as well. The vegetation increase is 
consist of three parts, including transition from S-A land to 
forest in the northwest, transition from part of the bare rock 
land and S-A land to forest in the middle, and transition form 
bare rock land to forest in the southeast. Vegetation decrease 
mostly occurred in the northeast of the study area. One reason 
of such decrease is due to the transition from forest to S-A land 
and bare rock land, as well as from S-A land to bare rock land. 
In summary, the land cover and environment in the study area 
have been improving in recent years.  

By comparing the NDVI differencing results shown in Fi- 
gure 4, it is found that the ecological environment changing 
trends within different periods are different. The land cover 
and ecological environment in the study area have been pro- 
gressing in a positive way in recent years with greatly increa- 
sed vegetation. On the contrary, the ecological situation in the 
1970s was not satisfactory. However, in the northwest of the 
study area, the vegetation cover was kept in a steady state. 
This area consists of five nature reserves. Since the establish- 
ment in 1978, Meigu Dafengding nature reserve was well pro- 
tected and the vegetation in this area was kept increasing; Ma- 
bian Dafengding nature reserve and Mamize nature reserve 
were established after 2000, and the implementation of envi- 
ronmental protection and reforestation policy have significant- 
ly changed the ruined land in these areas which were destroy- 
ed by excessive deforestation in the late 1970s and early 1980s, 
resulting in obviously increased vegetation in these areas in re- 
cent years; the status of land cover in Maanshan nature reser- 
ve has been stable; although the vegetation in Shenguozhuang 
nature reserve was decreasing, the decreasing rate is very slow. 

 
Figure 5. Unsupervised classification using MSS data (left: 1974, right: 1980). 

 

 
 

Figure 6. Unsupervised classification using MODIS data (left: 2002, right: 1980). 
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Table 1. Areas of Different Land Cover Types in the Period 
from 1970 to 1980 

Land cover type Bare rock 
land 

S-A land Forest Total 

MSS in 
1974 

Area 
(km2)  

5125.94 10370.44 5434.00 20930.38

Ratio 
(%) 

24.49 49.55 25.96 100.00 

MSS in 
1980 

Area 
(km2) 

5197.94 12607.63 3124.81 20930.38

Ratio 
(%) 

24.83 60.24 14.93 100.00 

Ratio of area 
increase (%) 

1.40 21.57 -42.50  

 

Table 2. Areas of Different Land Cover Types in the Period 
from 2002 to 2007 

Land cover type Bare 
rock land 

S-A 
land 

Forest Total 

MODIS 
in 2002 

Area 
(km2)  

6363.63 7100.94 7465.81 20930.38

Ratio 
(%) 

30.40 33.93 35.67 100.00 

MODIS 
in 2007 

Area 
(km2) 

5527.56 7648.38 7754.44 20930.38

Ratio 
(%) 

26.41 36.54 37.05 100.00 

Ratio of area 
increase (%) 

-13.14 7.71 3.87  

 

Vegetation decrease in the northeast of the study area in 
recent years is due to the influence by the frequently human 
activities around this area. However, vegetation in this area 
increased in the 1970s. The increases of S-A land area and 
forest area as well as the decrease of bare rock land area were 
all due to the “grain to green” policy implemented during the 

1970s. In summary, the human activities can significantly 
influence the ecological environment, and the excessive de- 

forestation could cause huge destructions to the ecological 
environment which can be hardly recovered within a short 
time. 

 
4.2. Unsupervised Classification Comparison 

Figures 5 and 6 present the unsupervised classification re- 
sults. The land cover types were divided into three categories, 
including bare rock land, A-S land and forest. Bare rock land 
mainly consists of rock in the valley and deforested bare land; 
A-S land is widely distributed in the high-altitude areas (i.e. 
altitude over 2,800 m) and middle-altitude areas (i.e. altitude 
of 1,000 ~ 2,000 m), and it is the transition area between bare 
rock land and forest; Forest is the most important category in 
the classification maps, and it consists of almost all the types 
of forest in study area. From Figure 5, it can be found that the 
major land cover change in the 1970s was related to the forest 
increase in the northwest and decrease in the middle and the 
southeast of the study area, as well as the greatly increase of 
bare rock land in the west. From Figure 6, it is observed that 
the forest in the middle and the west part of the study area was 
kept increasing while the bare rock land was decreasing in re- 
cent years.By calculating the areas of each land cover cate- 
gory from the unsupervised classification results within dif- 
ferent time period, the results of classification change de- 
tection are shown in Tables 1 and 2 as well as in Figure 7. 
From the left part of Figure 7, it can be seen that during the 
period from 1974 to 1980, the areas of bare rock land and S-A 
land increased, particularly the area of S-A land increased 

rapidly, and in the meantime, large area of forest decreased. On 
the contrary, the right part of Figure 7 shows the opposite 
trend. Forest was kept growing with an area of over 30% of 
the entire study area. The S-A land area was also kept in- 
creasing, while the bare rock land was kept decreasing with a 
slow rate. In summary, the ecological environment was ad- 
versely influenced in the 1970s. However, it was gradually 
recovered in recent years.  

In order to better understand the human impacts on the 

 
Figure 7. Land cover area change (left: 1974-1980, right: 2002-2008). 
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vegetation, it is important to compare the land cover type ch- 
ange rate within two different time periods. Figure 8 shows 
that the forest in the study area decreased very fast (i.e. 7.08% 
per year) while the S-A land also increased rapidly (i.e. 3.60% 
per year) in the 1970s, leading to the deterioration of the eco- 
logical environment. This phenomenon was caused by nega- 
tive activities such as excessive deforestation since the wood 
from forest was the major economic source in the study area 
during that time period. After the implementation of “grain to 
green” policy and natural forest protection project as well as 
the restriction of human activities within the study area in re- 
cent years, bare rock land greatly decreased (i.e. 2.63% per 
year) while forest began to increase (i.e. 0.77% per year) and 
vegetation in the entire area was gradually recovered. By com- 
paring the unsupervised classification images, it can be found 
that all the nature reserves within the study area were in rela- 
tively stable conditions. Vegetation in these reserves was well 
kept and almost no bare rock land was found in these areas, 
and this result illustrates that the nature reserves have buffer- 
ing capacity and are able to effectively protect the ecological 
environment. In summary, similar results were obtained by us- 
ing the two land cover change detection methods (i.e. NDVI 
differencing and unsupervised classification comparison) in th- 
is study.  

 

 
Figure 8. Land-cover area change rate within two time 
periods. 

5. Conclusions 

The land cover changes in Liangshan-Xiangling region in 
southwestern China were investigated using two types of re- 
mote sensing data, and the change rates among different land 
cover types were analyzed to explain the ecological environ- 
ment changes in the study area. Two change-detection methods 
were used for the analysis, including NDVI differencing and 
unsupervised classification comparison, and similar results we- 
re obtained. It was found that during the 1970s, the bare-rock 

land and S-A land areas increased rapidly (i.e. increase rate of 
3.60% per year for S-A land) while the forest area decreased 
significantly (i.e. decrease rate of 7.08% per year). The dete- 
rioration of ecological environment during this time period was 
caused by negative human activities such as excessive defo- 
restation. After the implementation of positive ecological pro- 
tection policies and the establishment of several nature reser- 
ves within the study area in recent years, the ecological envi- 
ronment has been gradually recovered. The bare-rock land gr- 
eatly decreased with a rate of 2.63% per year, and the forest 
area was increased with a rate of 0.77% per year, while the 
forest covered an area of over 30% of the entire study region. 
The S-A land area was also kept increasing. The results indi- 
cated that human activities would significantly affect the sur- 
rounding ecological environments, and the effective ecological 
protection strategies (such as the establishment of nature re- 
serves) are required since the ecological environments are hard 
to be quickly recovered after destruction. 
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